Viral nervous necrosis (VNN) or viral encephalopathy and retinopathy (VER) caused by piscine nodavirus was first described in Japanese parrotfish Oplegnathus fasciatus in Japan1) and barramundi Lates calcarifer in Australia2). Since then, the disease has been reported in a variety of cultured marine fish species in Europe, Asia, Australia and North America345,61 The disease usually occurs in larvae and juveniles resulting in high mortalities.
Affected fish exhibits erratic swimming behavior with associated necrosis and vacuolation of the brain, spinal cord and retina.
At present, the causative agents of VNN or VER are classified to the Betanodavirus of Nodaviridae71. Eagle's Minimum Essential Medium supplemented with 10% fetal bovine serum (FBS) and antibiotics (penicillin and streptomycin). The SSN-1 cell line was cultured in a 24 well tissue culture plates at 25°C using Leibovitz L-15 medium containing 10% FBS and antibiotics. The monolayer covering 70-80% of the plate was inoculated with the tissue filtrate. The cultures were thereafter incubated at 25°C and observed daily for cytopathic effects (CPE). No CPE were detected in both BF-2 and EPC cell cultures inoculated with the filtrate of tissue samples from moribund fish. CPE were observed in SSN-1 cells two days after inoculation with the filtrate of affected grouper. This was characterized by cytoplasmic vacuole formation and eventual lysis of the monolayer beginning from 4 to 5 days post-inoculation. Following 2 to 4 times inoculation of supernatants to fresh cultures, the same pattern of CPE was observed.
Virus titration of fish homogenate was carried out using SSN-1 cells by limited dilution assay.
Based on the appearance of CPE after a 10-day incubation at 25°C, the 50% tissue culture infectious dose (TCID50) was calculated.
Virus infectivity of the filtrated tissue homogenates of moribund fish was 10100 TCID50/g. The RNAs from eye and brain samples of grouper larvae and the supernatant of SSN-1 cells inoculated with the tissue filtrate of affected grouper were extracted using TRIzol (Gibco) following manufacture's protocol. Detection of the virus by RT-PCR amplification was carried out according to the procedure described9l. The T4 (430 bases) region of the coat protein gene of betanodavirus was used as the target sequence for PCR amplification. The PCR products were analyzed by gel electrophoresis using 2% agarose (Agarose 1000, Gibco) and stained with ethidium bromide. An expected PCR product of about 430 base pairs was observed in samples from naturally affected fish and the culture supernatant of SSN-1 cells inoculated with the tissue filtrate of affected fish (Fig. 2) .
The VNN-infected SSN-1 cells showing CPE were fixed for electron microscopy, and processed using standard technique.
Sections were stained and examined with an electron microscope (JEOL-100S).
Small, spherical, non-enveloped virus particles, 20-25 nm in diameter, arranged in paracrystalline arrays or in membrane-bounded vesicles were abundantly observed in the cytoplasm of SSN-1 cells on 5 days after inoculation (Fig. 3) . The size and intracellular location of viral particles detected in cell cultures agree with those described for piscine nodaviruses in SSN-1 cells101.
The clinical signs and histopathological lesions observed in the present orange-spotted grouper are very similar to those described in other VNN-affected fish species3l.
Infected SSN-1 cell cultures developed extensive CPE, and the isolated virus was identified as a piscine nodavirus based on the results of RT-PCR and electron microscopy.
Furthermore, challenge tests using the isolated virus reproduced the same clinical signs and the virus was reisolated from experimentally infected fish (Maeno et al., unpublished data). Taken together, these results clearly indicate that the mass mortality of the larval grouper was caused by VNN. This paper is the first documented outbreak of VNN among hatchery-reared larvae of E. coioides in the Philippines.
Piscine nodavirus infection has been associated with high mortalities in cultured grouper species in Southeast Asia, such as brown-spotted grouper E. malabaricus11,12), greasy grouper E. tauvina13), red spotted grouper E. akaara and carpet cod E. fuscogutatus14), and humpback grouper Cromileptes altivelis15), and consequently, has the potential to cause severe economic loss in aquaculture.
In this connection, examination of the susceptibility of other important aquaculture fishes to the present virus is urgently needed. The study is also 
